Introduction
L-phenylalanine is generally considered the com mon natural precursor of the m ajority o f plant phenolics [1] but the possible role of L-tyrosine in the biosynthesis of these compounds has rem ained largely obscure. O f all plants, only grasses usually show an activity of L-tyrosine am m onia-lyase (TAL) comparable with that of L-phenylalanine am m onialyase (PAL) [2] [3] [4] [5] . Thus L-tyrosine may be an ad d i tional true precursor of phenolics in the Gramineae, but not in other plants. In wheat, barley, and other cereals exogenous L-tyrosine was incorporated into polyphenols as, or nearly as effectively, as L-phenyl alanine [3, 6 -10] while in most other plants it was used rather poorly for phenolic biosynthesis [3, 8] .
However, in several d ico ty led o n o u s plants and also in a species o f algae [11] , the u tiliza tio n o f exogenous L-tyrosine for p olyp h en ol b io sy n th esis equalled or even exceed ed that o f ex o g e n o u s lphenylalanine [12] [13] [14] [15] [16] . 
Materials and Methods

Plant material and treatment procedures
The experiments were carried out with isolated buckwheat (Fagopyrum esculentum Moench) coty ledons excised from 72 -1 2 0 h old etiolated seed lings grown in water. The excised material was soaked for 3 -5 min in a 2 x 1 0 _3m solution of [l-14C]-L-tyrosine or [l-14C]-L-phenylalanine (spec, activities 0.3-0.4 Ci/m ol) and was then incubated for 40 h at 25 ± 1 °C either in the light (white fluo rescent tubes, 28 x 103 erg • cm" 2 • s-1) or in the dark on filter paper moistened with the same solutions.
In the experiments with kinetin the excised coty ledons were first soaked for 15 min in a saturated solution of kinetin, then rinsed with water and transferred to the incubation medium containing L-tyrosine. Glyphosate (10~4-10-2 m), when used for an additional treatm ent, was applied continu ously with tyrosine (1 0~3 m).
All experiments were run in triplicate, and the results were subjected to statistical evaluation by Student's significance test.
F la vo n o id a ssa y a n d ra d io a c tiv ity m e a s u re m e n ts Anthocyanins were determined photometrically, rutin and individual C-glycosylflavones likewise after their separation by two-dimensional paper chromatography as described elsewhere [17] . R adio activity of separate flavonoids was assayed in the ethanolic eluates with the use of a Beckman LS-100C liquid-scintillation counter [17] . P A L a n d T A L a ssa y Activities of the two am monia lyases were d eter mined by the amounts of cinnamic acid or pcoumaric acid, respectively, formed during incuba tion for 4 h at 35 °C [18] . different from the ratio of their accum ulation, with the relative labelling always being highest in anthocyanins and, within the C-glycosylflavones, being higher in the luteolinic C-glycosylflavones orientin and isoorientin than in their apigeninic analogues vitexin and isovitexin, respectively [17, 19, 20] . In the present study, label from exogenous L-tyrosine, at a background of much lower general labelling, showed essentially the same pattern of distribution between individual flavonoids (Table IV) , even though the relative incorporation rates of tyrosine and phenylalanine into separate flavonoids did not fully coincide. In a number of parallel experim ents the incorporation ratio P h e:T y r was m arkedly lower in the case of anthocyanins and rutin than in the case of C-glycosylflavones being, for example, 9:1 against 16:1 for 3 days old cotyledons, or 6:1 against 9:1, respectively, for 4 days old m aterial.
Experiments with glyphosate
The suppression o f L-tyrosine incorporation in to flavonoids in the presence o f L -phenylalanine (Table I ; see also [10] However, at lower concentrations of the herbicide these expectations were not fulfilled. Although glyphosate inhibited total production of flavonoids at all concentrations it also reduced their synthesis from exogenous L-tyrosine, and the relative labelling of flavonoids remained approxim ately at the same level as in the control m aterial. Only at the highest glyphosate concentration (1 0 -2 m) , which produced an about 30-fold decrease in the accumulation of flavonoids, the synthesis of these com pounds from the exogenous L-tyrosine did show an absolute increase, and a significant rise in the relative label ling of flavonoids, as expected, occurred in the treated cotyledons (Table V) .
Experiments with kinetin
Kinetin has been shown to increase the avail ability of endogenous L-phenylalanine for flavonoid biosynthesis in buckwheat cotyledons and to reduce the relative incorporation of exogenous phenylala nine [17] . Likewise, kinetin reduced the incorpora tion of exogenous tyrosine into flavonoids, especially the C-glycosylflavones (Fig.) . The total absolute amount of flavonoids synthesized from exogenous L-tyrosine proved to be about 1.5 times lower in the cotyledons treated with kinetin than in the un treated material (5.86 and 8.97 nmols per pair of cotyledons, respectively) while their relative content in the total flavonoids decreased in that m aterial even more than twice (2.01% in control, 0.92% in kinetin-treated cotyledons).
A comparison o f PAL and TAL activities
Contrary to results obtained with buckw heat hypocotyls [24, 25] , extracts from buckw heat coty ledons contained both PAL and TAL activities their ratio being strongly in favour of PAL. The average activity levels of PAL and TAL in the illum inated cotyledons were found to be 48. 7 However, it is far from being clear to which ex tent the rates of incorporation of exogenous m etab olites, as well as m easurements of extractable activ ities of enzymes reflect cell metabolism in vivo. Metabolic reactions in a living cell are generally organized into a rigid and well coordinated system in which sequentially acting enzymes of particulate pathways are often bound to m em brane structures and act as multienzyme complexes. Convincing evidence is accumulating that sim ilar m ultienzyme complexes or conglomerates of coordinatively func tioning enzymes consuming L-phenylalanine as the initial substrate are operating also in phenolic bio synthesis [26] [27] [28] . Therefore, despite the fact that 
